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The Flight Resea,rch Diviaion of the NACA Langley Laboratory is 
measuring the drag of EL series of whg-body cmklnations by the free- 
fall  method in  order t o  provide M o m t i o n  on the drag characteristics 
of promising transonic and supersonic  airplane arrangements. This 
series has so far h e n  limited t o  a family of swept winge combined with 
identical  body-tail arrangements. Results a r e  presented  herein for a 
configuration having a body of revolution of fineness ra t io  12 and 
a' 45' sweptback mounted af't of t h e  naxhnrm diameter of the body. 
These reaulta show that the drag per unit frontal   mea of t h i s  configu- 
ration rose from 0.045 of atmospheric preesure at a Mach number of 0 .93 
to 0.126 of atmospheric pressure at a Mach n m b r  of 1.03 and then 
increased W e t  l lnear ly  t o  0 -233 at a Mach nmker of 1.24. 

Comparison of these results with those for a previously  tested 
configuration  differing only in  the location of the wing shows that 
changing the w i n g  location from a position forward of the body marimurn 
diameter t o  a position af't of the body naxinmn diameter  decreased the 
over-all  drag by about 35 percent near a Mach number of 1.00 and by 
about 10 percent- at a Mach numler of 1.18. The major part of these 
drag differences waa due t o  differences in the body drag. Cornpariaon 
of the body drag results for the winged configurations  with the 
results obtained for  the  body-tail  azrmgemnt  teated  without wings 
shows that a large favorable  interference  effect on the body drag 
occurred with the wing in the eft posi t ion and a smaller unfavorable 
interference  effect on the body drag occurred w i t h  the Xing in the 
forward position. Thus, a swept wing m y  be located on a body of thie 
type In such a way a8 t o  either  increaae o r  decrease the body drag. 
For  both winged configurations  the w i n g  drag showed an abrupt rise 
near a Mach nmber of 1.00 which did  not occur for  previous t e s t s  of 

- eweptback a i r f o i l 6  mounted on cylindrical bodies This drag rise,  
however, is  mall in cmpm5son t o  the drag.riee aasociated w i t h  
rectangalar plan-form a i r f o i l s  . 
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Free-fall tests  of a series of wing-body combinations &re being 
conducted by the Fl i&t  Research Division of the NACA Langley 
Laboratory. The object of these  tests is t o  determine the drag 
characteristica of promleing transonic and supersonic airplane 
components. The series has so far been limited to  a family of 
swept Mngs combined wlth  identical body-tail arrangments. The 
drag characterlatics of the  body-tail arrangement tested without 
wings are  reported in reference 1. 

The results gf a t e s t  of one configuration of thia series, which 
consieted of a 45 sweptback Xing mounted forward of the marlmMl 
diameter of the body, ere reported in reference 2. Conparison of 
these results with those for the body-tail arrangement alone and 
for 45O sweptback airfoils mounted on cylindrical bodies indicates 
that large Interference  effects can exiat  between wing and body at 
transonic speeds . 

The present.paper reports  the results for a configuration differing 
from t h a t  of reference 2 only in that t h e  wing waer located aft of the 
3ody maximum di-ter. The results me presented as curve8 shoxfng 
the variation of drag coefflclents with Macsh numbr  for the complete 
configuration and f o r  each of its cmponent parts. Corresponding 
variations of drag coefficients a r e  included from the resulter of 
reference 2 (wing mounted forward) for pmpoeee of canparison. 

Test o o n f € m t i o n . -  The general arrangement of the c d i g u r a t i o n  
is shown in figure 1 and its details and dinaenBion8 are given in 
figure 2. T h i s  --body combination differed from that of reference 2 
only in  the  relative  location of wing and body. (See fig. 2 .) The 
k5O sweptback wfng had a 70-lnch span with NACA 65-009 sectims end 
had a 12-lnch chord perpendicular to  the leading edge. The 3ody had 
a fineness  retio of 12 and a maximum diameter of 10 inches at i t 6  
midpoint. The 50-percent-root-chord etatian of the wfng was located 
15 lnches aft of the maximum body diameter as compared t o  the 15-inch 
forward mounting tested previously. The wing entered the body through 
rect.angular slots and was attached t o  a force-measuring 3alance  inside 
the bo*. These s l o t s  mre   f i l l ed  with wooden blocks which mre  fafred 
to the body contour and attached t o  the wing at the root A small 
clearance m e  allowed between the blocks and the  sides of the slots 
80 that the w h g  was free to move under the restraint of the balance. 
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Measurements.-  Measurement of .the desired quantfties wag 
accomplished as in previous  tests (rsfermaes 1 to 5 )  through w e  
of  the ITACA radio telemetering system and radar and phototheodolite 
equipment. The following quantities  were  recorded  at ground etatione 
by the  telemetering  ayetern: 

( 1) The force exerted by the wing 011 the body a8 masirred by a 
spring balance 

(2) The  force  exerted by the tail fins on the tail born a8 
measured by a epring balance 

(3) The  retardation of the conf'iguraticm as mesawed by a 
sensitive  accelerometer d i n e d  with the longitdinal a x i s  of the bcdy 

(4) The  total pressure at an orifice  located at the nose of the 
body as measured br 821 aneroid cell 

The radar and phototheodolite equipment was used to  record  the  path 
of the model bring it8 fall. A eurvey of atmospheric canditlona 
at the  time of the  teet wae obtained from synchronized  records of 
stettic pressure, temperature, and geometric altitude d-g the 
descent of the airglane framwhich the  configuration was dropped. 
The airection and velocity of the horleantal caponent of the wind 
was determined from radar and phototheodolite traoking record8 of 
the  ascent of a free balloon immediately m e r  the teat. 

Reductian  of data.- The veloclty variation of the model  Wrth 
respect  to the gromd, hereafter referred to as ground velocity, w a ~  
obtained both br differentiation of the fliat path a8 recorded by 
the radar and phototheodoiite  equipmant and by a step-by-etgrp  Integration 
of the  vector 8um8 of gravitational acceleration and the  directed 
retardation as measured by the  accelerameter. True  airspeed was 
obtained by vector aummtion of ground velocity anB horizontal wind 
velocity at appropriate  altitudee. 

The  total drag was obtained by multiplying the retardation at 
(in g units) br the total weight . The drag force on the wing D, 
was dete-ed through use of the relation 
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where 
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Rw measured  reaction  between body and wing, pounds 

Ww weight of movable  wing assembly, pounds 

The drag -of the  tail fins was obtained  from  the  same  relation by 
using the  reaction  between  the  fins  and  the  tail boom and the  weight 
of the  movable fin assembly. The body  drag was determined by 
subtracting  the drags of the wing  and  tail from the total. 

Values of drag D, static pressure p,  and  frontal area F 
were  combined  to  form  the  nondirasnsional  parameter D/Fp for  the 
complete  configuration and each  of  its  components. The Mach number M 
wa0 determined f r o m  the absolute temperatwe T and the  true  airspeed. 
Values  of the conventional drag coefficient  based on f ronta l  area C ?F 
were obtained by use of t h e  relation 

-&ere the  ratio of epecific  heats 7 was taken as 1.4. In the case 
of the  wing  and  the tail fins, drag  coefficiente  based on t he  plan 
area CD were  obtained by multiplying Cw by the ratio of frontal 
area to plan m a .  The areas  used do not  include  that submerged in 
the body or the tail boom. 

A time hietory of measured  and  computed  quantities  obtained 
f~om this  test IS given in figure 3 .  The variation of ground  velocity 
shown as a dashed  line on this figure was computed  from t h e  accelerometer 
data while  the  teat points were  computed from the radar and photo- 
theodolite  data. The scatter in the radar and phototheodolite  data 
ie larger than has been  obtained in previous  tests. This scatter 
results f’ram a partial  failure of eo111(9 of t h e  equipnt during the 
test,  which  necessitated w e  of less precise  auxiliary  recording 
devices.  These data show,  however,  that the velocity  curve  obtained 
f r o m  the  accelerometer  data  closely  fairs the radar test  points, 
which  confirms  the  accuracy of the  total-drag measurement. 
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The two Mach number veqriations shown in figure 3 were also 
obtained from two independent sets  of ma8u~em~nts . The aolid 
c w e ,  which w a s  camputed From the grom4 velocity  corrected f o r  wind 
(airspeed) and the temperature Bata, is belfeved accurate t o  within *O .01 
in Mach number. All results  presented  herein are  correlated on the 
basis of this Mach ntnnber. The dashed c m e  was obtained f r o m  the 
telemetered  records of total  pressure and f r o m  the static pressure 
.as d e t e d n e d  from the geometric heist of the body and the atmospheric 
aurvey . The two  Mach number c m e s  &ow good agreement except during 
the last 10 seconds of the fall  cjhere the difference in  the Mach 
numbers is  larger than the estimated  error in the Mach  number  computed 
from the  pressure measurement, The data presented have been corrected 
for  the  total-pressure loss through the normal shock, but t h i s  
correction is m a l l  re lat ive  to  t h e  m&gnitae of the discrepancy, 
This condition where tot&  pressure measurements give  too l o w  &Mach 
number during the l a t e r  p&rt of the fall ( l o w  alt i tude - high Mach 
number) has  occurred for   other   tes ts  (see reference 3) and will be 
investigated  further. 

The resulta of this test m e  presented in figures 4 t o  8 as 
curves  showhg  the variations w i t h  Mach nlmrber of  the  parameter D/Fp 
and drag coefficients  for t he  complete configurat.ion and each component. 
Corresponding curves are a l s o  presented fo r  the king-bdy combination 
whose t e s t  w a s  reported in  reference 2 (wing mounted forward), For 
both tests the drag forces were measured to WLthin 3 pounds for   the 
complete c d i g u r a t i a n ,  + 1  -32 pomde f o r  the h g ,  and 9; pmmds.for 
the tail. The accuracy with which the drag parametere were determined 
varied  throughout  the fall due t o  the variation in s t a t i c  pressure, 
and in the  case of the drag coefficiente, the accuracy was also 
affected by the Mach nmber . The maximum est€m&ted uncertainty of 
these drag parameters f o r  eeveral Mach nmters  16 presented in the 
following table : 

Mach n m h r  1.2 1 .o 0.8 

mag parameter CD Dh I c+ CD C% CD C+ D/F~ 
Total 

.oou .or9 .o10 .co& ,044 -023 .0044 -073 .032 T a i l  
0.0005 ,008 .oo4 o .001o .016 .oog o .0018 .OW ,012 Wing 
------ 0.007 0.003 ------ 0.017 o .007 ------ 0.028 o .on  

Boas ------ .013 . ~ I O  ------ SO33 0024 ------ .078 -034 

As the body drag was'not measured directly,the error in the body drag 
was taken as the a m  of the  errors for the  other componentso For 
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th i s  reason  the body drag parameters are probably mre  accurate than 
indicated by the  table. 

The variations with Mach  number of D/Fp and drag coefficients 
based an t o t a l  f'rontal. area f o r  the complete ca4figuration &re given 
In figure -4. The drag per  unit frontal area  rose from 0.045 of 
atmospheric pressure at a Mach number of O,g3 t o  0.126 of at.mspheric 
pressure at. M = 1.03 and then  increased almost l inear ly  tc  0.233 
at M - 1.24. The cross hatching on figure 4 shows how the to ta l  
drag was divirled among its components. The wing produced about one- 
half of the t o t a l  drag a t  Mach nmbere in excess of unity and the body 
produced about one-third the drag in the same Mach number range. 
The remaining dreLg was contriblrted'by  the tail fins. 

Comparison of the t o t a l  drag for   the King-body combinations with 
the wing aft and wlth  the wixig forward i s  &pen in  f igme 5 a8 
variations of D/FL, and C with Mach  number. The drag with  the 
wing aft waa appreciably lower than t he  drag with the wing forward . 
Further,  the  abrupt drag rise occurred a t  about 0.05 lower Mach 
number for the w3ng-forward configuration. The to ta l  drag of the 
wlng-aft  configuratim was about 35 percent lower than that D f  the 
wing-forward conffguratian at Maoh numbers mar 1.00, and th is  
difference decreased t o  about 10 percent a t  M = 1.18. These 
differences in total   drag  result ing solely from the change in  the 
position of the wing on the body definitely  establish the preesnce 
of large interference  effects between wing and body. 

% 

The variations of D/Fp, C and for  the wing of the 
present configuration are aven %'figure 
frontal mea of th i s  wing rose abruptly from 0.037 of atmospheric 
preseure at a Mach  number of 0.9 to 0.137 of atmo8pheric pressure 
a t  M - 1.03 and then increased  linearly to 0.289 at  M = 1.24. 
The drag of the wing  i n  the forward position, reproduced in  figure 6 
f'rom reference 2, &owe a similar abrupt r i s e  near M = 1. Thi e 
abrupt r i s e   i n  *a,$ w a ~  absent in  the results of t e s t s  of sweptback 
airfoils mounted on cylindrical bodiea reported in reference 4. These 
combined results  indicated that, at transonic speeds, the drag of a 
swept xing is apparently dependent upon the shape of the body on 
which it is mounted. 

Camparison of w i n g  drags f o r  the two positions of the wlng on 
the body shows tha t  the drag was elightly higher thro- the Mach 
number range investigated when the wing m a  munted in the forward 
position. Flrrther, the abrupt rise in wing drag with  the w i ~ g  mounted 
forward took place approximately 0.03 lower in Mach number. This 
difference in the wing drags msy possibly result from buoyancy effects 
due to the presence of the body. With the wing munted in the f o m r d  



position, the pressure  gradient caused by the body in th6 vicirdty 
of the wing root probably tend6 toward increaingLY  neg8tive pressures 
fromleading t o  t ra i l ing  edge. A smaller or opposite grdignt probably 
exists  for  the  case of the K.tng in the aFt position. The phencmenm 
which produces the ear l ie r  drag r i s e  when the wing is in the forward 
position is not understood, for if  the expected peasure distribution 
exists oyer the body, the m o t  of the wing located in the aft 
position would be in a region of higher local velocities than the 
root of the wing located in the forward position. The case where 
the wing root is in a reeon of hi&er  local  velouftiea (wing &ft) 
would normally be considered the more c r i t i c a l  from the  stendpoint 
of the drag r i s e .  

The veziations of the tail-drag paramstere with Mach number 8re 
presented in figure 7.  For the  present te8t, the drag per unit 
frontal area of the tail fins rose abruptly fYom 0.028 of atmospheric 
pressure a t  a Mach .ntzmber of 0 -8‘75 t o  0.331 of atmospheric pressure 
at M - 1.0 and then  increased at a slower rate t o  0.49 at M - 1.24. 
Drag curves are also presented in   f igure 7 f r o m  t e s t s  of two other 
sets  of identical tail fins . One set wa8 tee- on the w i n g - f o d  
configuration  (reference 2) and the  other was tested OII a body of 
fineness r a t i o  6 without a s  (reference 5 )  . m e r a l l y ,   t h e  three 
drag curves are in  good agrsement . However, the-differences that 
exis t  are larger than would be expected fram the uncertainties in the 
measuring system. 

The vwiations with Mach  nuniber of D/Fp and CDpl fo r  the body 
of t he  present configuration are shown t r ~  figure 8 drag per 
unit frontal area Fncreaaed s l o w l y  t o  0.053 of atmospheric  preeaure 
at M =. 0.93 and then decreased  alightly to 0 -042 at M - 0 .*. 
Further  increase in  Mach number resulted in a steady increase In D h  
to 0 -09 at a Mach number of 1-03 an& then to 0 .l5 at M - 1.24 
Comparable Zata  presented in figure 8 for  the body of the w i n g  
forward configuration ~ t l s o  ahow a sliat decrease in ~ / m  ne- 
M = 0.96. The actual existence of t h i s  m a U  drag decrease has not 
been definitely determined, however, since t h i s  m i a t i o n   i e  well 
within the accuracy of the drag measurement. 

The measured drag variation with Mach number for the body tested 
without wings (reference 1) is shown in figure 8. The body without 
WFngs had the same 8bbiliZing t a i l - f in  arrangement as the other 
two configurations,  but  the drag of these fins was not measured 
separately. To obtain the drag of t h i a  body without fins a n  average 
value of tail drag, as obtained From the variation8 shown in figure 7, 
m8 subtracted from the drag of the body plus tail. In the range of 
Mach numbers for which drag variations  for  the body alone axe presented 
on figure 8, the tall drag is amall Fn comparison t o  the body drag 
and the mall differences Fn the tail-drq variations shown in 
figure 7 have l i t t l e   e f f e c t  on d r a g  of the boay done. 
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At  Mach  numbers  in excem of unity the body drag obtained from 
the  present test  (wlng af%) was appreciably less than  the bat3ic 
body drag. (See fig. 8.) The body drag obtained from reference 2 
(wlng forward) was slightly higher than the basic! body drag. With 
the wing in the forward position,  the body drag was about 70 percent 
higher than the body drag with the wing in  the  aft  position  at Mach 
numbers near 1.03, and this difference  decreased  to 24 percent 
higher a6 M = 1.19. These differences in body drag account for 
the major p& of the difference Fn t h e  %OM drag of t h e  two 
configurations. These results  indicate  that,  for t h i s  type of wing- 
body combination, large interference  effeots e x i s t  on the body due 
to  the  presence  of t h e  wlng and that these interferenoe effects 
show a large variation  between t h e  two  tested wing positions. The 
nature of these interference  effects  ie  not lmown at  preeent,  but 
possibly  the  presence of the sweptback wing in the e,ft location 
delays separation of the f l o w  about t h e  body. 

The drag of a wlng-body  ccanbination has been measured at 
transonic velocitp by the free-fall nethod. Thier configuration 
consisted of a 45 sweptbeck wing mounted behind the maximum diamster 
of the bdy of a body-tail arrangement whose drag characterietics 
without wings m e  known from a previoue  test. 

The results  show  that the drag per  unit  frontal area for the 
complete  configuration  roe8 from.0.045 of atmspherio pressure at a 
Mach number of 0.93 to 0 -126 at a Mach  number of 1.03 and  then 
increased almost linearly to 0 -233 at 8 Mach  number of 1.24. A t  Mach 
numbers  above 1.0 the wing produced me-- of the total  drag and 
the body produced about one-third. The remaining drag w a ~  contributed 
by the  stabilizing  tail &acesc 

Comparieon of  these results with previous results  for a ccmfigu- 
ration  Biffering only in the  location of the wlng (forward of the 
maximmu diameter) shows that the wing-aft configuration h ~ d  33-percent 
lower drag at a Mach nwnber of 1.03 and 10-percent  lower  drag  at e 
Mach number of 1.18. Most of this drag difference  resulted fiom 
differences in t he  body drag of the two  configurations.  With the 
wing forward, the body drag was slightly higher W the drag of 
t h e  body wlthout ulngs, while with the w i n g  aft,  the body drq was 
appreciably lower than the drag of the body wlthout wings. TLlus, 
for *hie type  of Wing-body canfiguration large interference  effects 
of the wing on the body exist and these  interference  effects Bhow 
large variations  between  the two tested  wing  positions. 



NACA RM NO L n O 1  - 9 

The wing drag for both configurations  showed an abrupt rise near a 
Mach number of 1 whfch  did not occur in previous  tests of meptback 
airfoils mounted on cylindrical  bodies. Thla rise evidently is an 
interference  effect  caused  by the presence of the body and appear8 to 
depend on t h e  shape of t he  body. The rise, however, is smdl in 
comparison t o  the drag rise  aesociated wlth rectangular  airfoile. 
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. Figure 2.- General  arrangement and dimensionn of wing-body configuration with wing 

mounted aft of M y  m a d m u m  diameter. All dimenalons are-in inchea. Wing sections 
meawed perpendicular to leading edge. 
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Figure 4.- Variation with Mach number of d r a g  aoeffloient 
and D/Fp for t h e  ring-body oonflguration with wlng 
mounted af t  of body m a x i m u m  diameter. 
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Figure 5.-  Oomarat lye varlatlane with Mach rider of drag 
ooeffioleat and D/Fp for the wing-aft configuration 
and the wing-f orrard uonflgurat Ion. 
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Figure 6.- Comparat l v e  varlatlone w th Mach number of drag 
coef f l c f e n t s  and D/Fp for the &j0 ereptback wing of 
the ring-aft configuration and the wing-forward 
conf lgurat ion. 
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Figure 7.- Oomparative v a r t a t i a e  w i t h  Mach rider of drag 
coeff ioients  and D / F ~  for .  the ta i l  f i n s  of the ring- 
aft aonflguratim and the wing-foruard configuration. 
Data also  presentdfor  identioal   tai l   f ins  mounted m 
a body of fineness ratio 6 without wings. 
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